Apoptosis, caspse-3, bursa, thymus, spleen, TUNEL assay
INTRODUCTION
Apoptosis is a multistep, multipathway process that leads to cell death. It is important both in physiological and pathological states and relies on the activation of proteolyticcaspases that ultimately lead to cytoplasmic denaturation, fragmentation of the nucleus and cell destruction without induction of inflammation (Robbins and Cotran, 2009) . It is well known that, the lymphoid tissue plays an important role in the defense against microorganisms. The duck has central (thymus and bursa of Fabricius) and peripheral (spleen and all mucosa associated lymphoid tissues including respiratory tract, urinary tract, and alimentary tract with cecal tonsils) lymphoid tissues (Getty, 1975; Bach, 1978) . The lymphoid system of poultry consists of unique organs and divided into two morphologically and functionally distinct components (Cooper et al., 1965 (Cooper et al., , 1966 . The thymus-dependent component is represented by the smaller lymphocytes and is responsible for cell mediated immunity (CMI), including mmunosurveillance (Janeyway et al., 1988) , whereas, the bursa-dependent component is represented by the larger lymphocytes which transformed into plasma cell in the tissue and plays an important role in humoral immunity (HI). Chickens (Gallus domesticus) and duck (Anasplatyrhynchos) (chicken and duck) industry is an economically significant and the most rising sector around the globe. However, poultry farmers face many constraints namely diseases and abiotic stress factors that affect the immune system resulting in disorganization of the histological architecture of concerned organs, immune suppression, poor production and mortality . Normal development, cell maturation and differentiation in a multicellular ammalian organism, as well as the maintenance of homeostasis, require a perfect, dynamic regulation of cell proliferation, cell cycle alterations and cell death. Furthermore, the dynamic balance between cell proliferation and cell death determines the growth and differentiation of complex multicellular tissue (Hockenbery, 1995) . The thymus and cloacal bursa are the primary lymphoid organs that generate, differentiate and mature T and B lymphocytes respectively (Huiet al., 2012) . The presence of thymus is essential for the development of peripheral lymphoid tissues and is solely responsible for cell\mediated immunity (CMI) and immune surveillance (Hasseb et al., 2014) . The structure and function of lymphoid organs and tissues in ducks have not been intensively studied compared with chickens. When comparing the microscopic structure of the lymphoid system in ducks and other avian species, it is apparent that there are striking similarities. Like other avian species, ducks possess primary lymphoid organs, namely thymus and bursa of Fabricius, that are responsible for development and maturation of T and B lymphocytes. Unlike other avian species, the waterfowl are the only species possessing lymph nodes (Sugimuraet al., 1977; Higgins, 1996) . The thymus and bursa of Fabricius were demonstrated in this study as lympho-epithelial organs made up of mixed populations of epithelial and lymphoid elements, as previously documented in other avian species (Nobuyoshi and Takahashi, 1991; Olah and Glick, 1992; Penninger et al., 1994) .Epithelial cells in the lymphoid organs of avian species have been shown to play a critical role in B and T-cell development and maturation (Boyd and Ward, 1984; Eerola etal., 1982) , providing the microenvironment togenerate a functional and diverse cell repertoire. The bursa of Fabricius is an organ unique to birds. During embryogenesis, the bursa of Fabricius undergoes striking changes in size during development, growing rapidly during late embryogenesis and for several months after hatching before regressing in sexually mature adults (Ciriaco et al.,2003) Growth and involution of the bursa of Fabricius are attributed to many factors including neuropeptides, cytokines, hormones (Franchini et al., 1999; Kang et al., 2007) .As the largest peripheral lymphoid tissue of the body, the spleen is of vital importance in the whole immune function (Altamura et al., 2001 ). To our knowledge, few detailed characterization of apoptosis has been described for normal chickens and ducks lymphoid organs which would allow comparison with the intensity of apoptosis in disease.The aim of this work was to describe the normal distribution of apoptotic cells in the chickens and duck in the studied organs. This approach intends to characterize the physiological normal apoptosis thus provide information for correctly evaluating apoptosis patterns found in the immunopathogenesis of diseases.
MATERIAL AND METHODS

Chickens and Ducks
Five 32-day-old male white Leghorn SPF chickens and five 32-day-old male commercial ducks were obtained from the Nippon Institute for Biological Science and divided into 2 groups. The first (n = 5) and the second (n = 5) groups comprised chicken and duck, respectively. Birds were reared separately and given water and food ad libitum and monitored clinically. After a 1-week acclimatization period, spleen, thymus and bursa were collected. To reduce the pain, the birds were slaughtered under Halothane inhalation anesthesia.
Sampling and Necropsy
Necropsy examination was performed immediately after the birds were killed. The spleen, bursa of fabricius, and thymus were collected and fixed in 10% neutral buffered formalin (NBF).
Histopathology, Immunohistochemistry (IHC) and TUNEL assay
After 72 h of fixation in NBF, samples from the above-mentioned organs were dehydrated, embedded in paraffin wax and sectioned (3µm) for haematoxylin and eosin (HE) staining. Further sections (5µm/ positively charged slides) were subjected to IHC and TUNEL assay.
Detection of Newcastle Disease Virusnucleoprotein (NDV-NP) by IHC
To detect the NDV-NP by IHC, a primary antiserum was produced as described by Kommerset al. (2001) . Briefly, a peptide antigen was prepared with the sequence TAYETADESETRRIC, representing residues 181-194 of the NP protein with a C addition for coupling. The peptide was conjugated to keyhole limpet haemocyanin and this conjugate was used to immunize a rabbit. Serum was collected from the immunized rabbit and the immunoglobulin (Ig) G fraction was purified by affinity chromatography (Hokudo Bioscience, Tokyo, Japan).
2.5. Detection of Caspase -3 antibody by IHC Caspase-3 was detected by use of anti-ACTIVEⓇ caspase-3 polyclonal antibody (Promega, Madison, WI, USA) (1 in 350 dilution) using the following protocol: tissue sections were dewaxed and then treated with H2O2 3% in distal water (DW) for 15 min at room temperature (RT) in order to inactivate endogenous peroxidase.
Antigen retrieval was performed by microwaving the sections for 10 min at full power (400 W) in citrate buffer solution (pH 5.4). Tissues were then incubated with the primary antibody (1 in 350 dilution) overnight at 4°C. Detection was done with the polyclonal biotinylated goat anti-rabbit secondary antibody (Dako) and the enzyme-substrate reaction involved a streptavidin-biotin complex (Dako). sections were finally counterstained with haematoxylinand coveredslipped under DPX mounting medium (Sigma Life Scienc, Steinheim, Germany).
Terminal deoxynucleotidyltransferase (TdT)-mediated dUTP nick end labelling (TUNEL assay)
The terminal deoxynucleotidyltransferase (TdT)-mediated dUTP nick-end labelling (TUNEL assay) was used to evaluate apoptosis. The TACS ® 2TdT-DAB in-situ apoptosis detection kit (TREVIGEN, Helgerman, Gaithersburg, USA) was used according to the manufacturer's instructions.
3. RESULTS 3.1. Spleen The histological structure of in the present study is similar to the previous studies by (Bach 1978; Hodges 1974) . The spleen was surrounded by a splenic capsule and has a small number of trabeculae. The red pulp of the spleen was formed from venous sinuses and anastomosing cord of reticular cells, macrophages, lymphocytes and blood cells. The white pulp was composed of network of reticular cells and reticular fibers within which small, medium and large sized lymphocytes and plasma cells. It contained sheathed arteries and lymphatic nodules and central arteriole. The network of the splenic tissue was consisted of a network of reticular cells and fibers (Fig. 1A &2A) . In chickens, there were numerous apoptotic cells in the peri-ellipsoidal lymphoid sheath (PELS), periellipsoidal white pulp (PWP) and intensive labeling of apoptotic cells in peri-arteriolar lymphoid sheath (PALS) and in macrophages in the red pulp. In duck spleen showed also intensive immunolabelling of caspase-3 in the cells of peri-ellipsoidal white pulp (PWP) and intensive labelling of apoptotic bodies inside macrophages in the red pulp (RP) ( Fig. 1&2 ; A-C).
Thymus
A comparative histomorphological study was conducted on thymus chickens and ducks. General histoarchitecture was almost similar in both birds. The thymus of the studies birds showed a thin connective tissue capsule. However, fine septa originating from the capsule divided the organ into incomplete but distinct lobules in chicken, whereas lobules were ill defined in ducks. Each lobule was composed of a peripheral cortex, densely infiltrated with lymphocytes and a central medulla that was enriched with epithelial reticular cells, which make the cortex more basophilic than medulla. But the concentration of lymphocyte, an immune competent cell was highest in chicken followed by duck. Hassall's corpuscles like structures were found inside the medulla as palestained diffuse body. The presence of thymiccorpuscle (Hassall's corpuscle) -like profiles called reticular structures of medulla the thymus is characteristic. These appeared as diffuse body consisting of vacuolated, squamous reticular cells. The vesicular structures contained acidophilic material or even degenerating reticular cells. Many blood vessels were also elucidated along the septa as well as other parts of the organ in all these birds. The thymus of chickens had scattered few immunopositive cells labeled for caspase-3 and by the TUNEL assay expressed few signals for apoptosis at the corticomedullary junction. In ducks,few signals for caspase-3 labelling were detected in the thymic tissue, corticomedullary junction and medulla ( Fig. 1&2 ; D-E).
Bursa of Fabricius
The distribution of epithelial cells in normal bursa of ducks was similar to that reported in chickens (Olah& Glick, 1992) . The follicle associated epithelium (FAE) was composed of three to five layers of stratified epithelium Cortico-medullary epithelial (CME) cells consisted of one layer of columnar epithelium and continued with FAE. A network of epithelial cells was observed in the follicular medulla and a few scattered epithelial cells were seen in the outer cortex. Bursa of chickens, there was apparently normal lymphoid follicle.A few immunopositive cells for caspase-3 were observed in interfollicular epithelium (IFE). Moreover, there were a few signals for apoptosis in interfollicular epithelium IFE. TUNEL-positive follicular lymphocytes containing free apoptotic bodies or nuclei with condensed chromatin along with apoptotic bodies in the cytoplasm of macrophages in the follicular cortex and medulla were identified However, Bursa of duck numerous apoptotic bodies in cells of medulla and cells of follicle-associated epithelium FAE. In addition, few immunopositive cells for caspase-3 in cells of medulla and FAE.a numerous signals for apoptosis were seen in cells of medulla and FAE. (Fig. 1&2; G-I) . apparently normal lymphoid follicle. The cortex(C), medulla (M), follicle-associated epithelium (FAE), and interfollicular epithelium (IFE).HE.X1H. Bursa; chicken: A few immunopositive cells for caspase-3 in interfollicular epithelium (IFE) (arrow). IHC, haematoxylin counters tained. Bar, X 10.I. Bursa; chicken: There were a few signals for apoptosis in interfollicularepithelium (IFS). TUNEL assay. X 10.
DISCUSSION
As known, splenic nodules and the periarterial lymphatic sheath are where B lymphocytes and T lymphocyte gather and mature, respectively (Riddell et al., 1987) Apoptosis is a mode of programmed cell death, which allows elimination of unnecessary cells to maintain tissue homeostasis (Barreto and Marques, 1993) . However, it has been also proven that defective apoptotic processes are implicated in an extensive variety of diseases (Hetts, 1998) , and excessive Fig. 2 . A. Spleen; duck: Numerous apoptotic bodies in peri-ellipsoidal white pulp (PWP) (arrowhead). Arrow indicates a penicilliform capillary; RP, red pulp. HE. X 20, inset X 40. B. Spleen; duck: There was intensive immunolabelling of caspase-3 in the cells of peri-ellipsoidal white pulp (PWP). Arrow indicates a penicilliform capillary. IHC, haematoxylin counterstained. X 40.C. Spleen; duck: There was intensive labelling of apoptotic bodies inside macrophages in the red pulp (RP). TUNEL assay. X 40. 2D. Thymus; duck: Apparently normal duck thymus. C, cortex; M, medulla; H, Hassall's corpuscles.HE. X 20.E. Thymus; duck: Scattered few cells were immunopositive of caspase-3 antibody. IHC, haematoxylin counterstained. C, cortex; M, medulla. X 20. F. Thymus; duck: There were signals for apoptosis in the thymic tissue. C, cortex; M, medulla; H, Hassall's corpuscles.TUNEL assay. X 20.G. Bursa; duck: Numerous apoptotic bodies in cells of medulla and cells of follicle -associated epithelium (FAE). The cortex(C), medulla (M), and interfollicular epithelium (IFE).HE.X10, inset X 40. H. Bursa; duck: A few immunopositive cells for caspase-3 in cells of medulla, follicle-associated epithelium (FAE), and interfollicular epithelium (IFE). IHC, haematoxylin counterstained. X 10. I. Bursa; duck: There were a numerous signals for apoptosis in cells of medulla and follicle-associated epithelium (FAE). TUNEL assay. X 10.
apoptosis are actively involved in immunosuppression in various circumstances (Sun and Shi, 2001) . The general histological features of thymus in all the birds were more or less same. The thymus regulates cell mediated immunity as it produces and cultivates T lymphocytes (thymocytes) from lymphoblasts, the precursors of T lymphocytes. The differentiation and manifestation of T lymphocytes in the thymus is completed only after the migration of T cells from the cortex to the medulla. But only a few lymphocytes actually mature into T lymphocytes as maximum thymocytes are inactivated due to incompatibility with the MHC (major histocompatible complex) and/ or are recognized by autoantigens (Cheng et al., 2003) . Histological analysis showed that a greater number of T lymphocytes are available for selection by the thymus as cortex is larger than the medulla. During the process of T lymphocyte cultivation and selection of Hassall's corpuscles in the medulla seem to play a central role in generation of antigenic properties of the surrounding cells and become mature to scavenge apoptotic cells and cell debris (Samuelson 2007 . Hence, Hassall's corpuscles indirectly participate in immunological activities of the prenatal and adult thymus. The histological architecture of the thymus in the present study corroborates with the findings of Khan et al. (2014) and Sultana et al. (2011) in broiler chickens. The medulla was comprised of epithelial reticular cells, which mainly serve as structural support for lymphocytes, macrophages. Thymus compares well with the observations of more number of Hassall's corpuscles may be due to generation of more apoptotic cells and cell debris in adult duck than that of ducklings. So was the case in chicken However, these structures were not well defined in case of chicken. The same is well established in mammalian thymus that describes increase in thymic corpuscles with age and even medullary tissue replacement by the adipose tissue. This is termed as involution of thymus (Samuelson 2007) . During normal thymic tissue maintenance, apoptosis is the fundamental, genetically controlled physiological process employed to remove excess or dysfunctional cells (Squier and Cohen, 1997) . In the present study, Casaps-3 and TUNEL assays both revealed that few apoptotic cells thymic tissue, corticomedullary junction and medulla of both chickens and ducks, in accordance with the studies of rat and human thymuses (Kanavaros et al., 2001 ).
The balance between proliferation and apoptosis may regulate normal thymic development and may be related to guaranteeing the normal structure and function of thymus. Also, this decreasing proliferation and increasing apoptosis may account for the process of thymic involution. There is extensive cell division in the bursa, particularly during the first few weeks of life during which time the bursa cellularity increases as well as the production of B cells that immigrate to the organ periphery (Lydyard et al., 1976) . Apoptosis plays a role in embryogenesis, metamorphosis, differentiation, proliferation/homeostasis, and as a defensive mechanism to remove infected, mutated, or damaged cells (Mel'nikovaet al., 2006) . In the present study, caspase-3 and TUNEL assays both revealed that the number of apoptotic cells obviously in ducks than chickens. TUNEL assay data concur with those from a study. (Rodríguez-Méndez et al., 2010) who demonstrated that there is a developmental wave of apoptosis in the bursa of white Leghorns associated with a greater abundance of TUNEL signals in both the cortical and medullar parts during the involution stage of this organ. In the present study, TUNELpositive cells were found in both the FAE and medulla, indicating that bursal lymphocyte apoptosis can clearly occur in both anatomical locations and closely resembles to that observed in chickens (Higgins et al., 2002) . Compared to the present results previous study on cell apoptosis in in chickens and duck's lymphoid organs, the most prominent difference found is that apoptosis seems to be more extensive within the bursa than in the thymus. The results also support the speculation made by (Motyka and Reynolds, 1991) that B cells in the bursa may be more prone to apoptosis than T cells in the thymus, but it seems more likely that the extent of apoptosis is related to the higher incidence of proliferating cells in the bursa than the thymus.
CONCLUSION
The general histo-architecture of studied organs was almost similar in chickens and ducks in the present study except some minor variations. The results of the present study will be helpful to understand the normal distribution pattern of apoptotic cells in normal ducks and chickens. In this regard it could be useful in further immunological or immunohistochemical study. 
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